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A Porphyria Cutanea Tarda-like Distribution Pattern of Porphyrins in 
Plasma, Hemodialysate, Hemofiltrate, and Urine of Patients on Chronic 
Hemodialysis* 
S I GRID SEUBERT, ANDREAS SEUBERT, PH.D., KARL WoLFGANG RuMPF, M.D., AND HERMANN KrFFE, M.D. 
Department.~ of Dermatology and fnternal Medicine, University of Gottingen., Giittingen., P.R. G. 
The porphyrin investigations of plasma, dialysate, 
hemofiltrate, and urine in 50 chronic renal patients 
without bullae undergoing hemodialysis imply that a 
hyperporphyria exists. All 50 dialysis patients without 
blisters had significantly elevated plasma porphyrins 
with a mean of 27.4 J.Lg/liter (SD: 10.0). Normal values 
were established in 51 nonporphyric ambulatory pa-
tients with normal r e nal function. The mean plasma 
porphyrin content in this group was 10.6 J.Lg/liter (SD: 
1 . 7). Porphyrin values in dialysates of 41 patients with 
chronic renal failure ranged from 2 .6-6.3 J.Lg/liter 
(mean, 3.9 J.Lg/liter) and were much lower than the por-
phyrin content in hemofiltrates of 9 patients which 
ranged from 10-27 J.Lg/liter with a mean of 20 J.Lg/liter. 
In addition, plasma, hemofil trate, and urine of 5 dialysis 
patients with blisters a nd porphyria cutanea tarda 
(PCT) were investigated. The plasma values were ex-
tremely e levated and exceeded those of PCT patients 
with norma l renal function. Whether the dermatologic 
manifestations of chronic hemodialys is can be inter-
preted as a "forme fruste" of PCT should be subjected to 
furt her investigations. 
In the last 20 years increasing numbers of patients have been 
reported who showed t he cl inical symptoms of po rphyria cuta-
nea tarda (PCT) wi th bli sters, which were attributed to drugs, 
s uch as na lidixic acid [1], tet racycl ine [2], and furosemide 
[3,4). These blisters a re clinically indistinguishable from those 
of patients with PCT; yet no abnormali ties in the heme biosyn-
thesis were detectab le, frequently, we surmise, owing to t he 
employed assay methodology. Simila r blisters were observed in 
hemodia lysis patients wit h chronic renal fa ilure. In 1975 Gil -
chrest et a l [5] termed thi disease bullous dermatosis of he-
modialysis. In t he same year, Korting (6] referred to t his di sease 
as pseudoporphyria. In many of t hese chronic dialysis pat ients 
with typica l bli sters, analyses of urinary, feca l, and plasma 
porphyrins were normal (7 ,8], only a few showed elevated 
plasma porphy rins l9- ll]. 
In our hospi ta l setting we saw 5 patients with chronic dia lysis 
and severe bliste rs as in PCT. P lasma porphyrins were extraor-
dinarily elevated and showed a preponderance of uroporphyrin 
and heptaca rboxylic porphyrin . Additiona lly we investigated 
50 chronic renal fai lure patients without bli stering, who were 
undergoing hemodialysis o r hemofil t ration, and determ ined 
porphyrins in plasma and dial ysate or hemoliltrate , and of 
course urine in a ll nonanuric patients. 
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Data of these normal dialysis patients were compared with 
values obta ined from 5 pat ients with severe blisters, chronic 
renal fai lure, and massive elevation of porphyrins and the 
diagnosis of PCT. These 5 patients also were chronically di-
alyzed. 
PATIENTS AND METHODS 
In ves tigated sa mples were obta ined through t he nephrology section, 
Department. of In te rnal Medicine, Univers ity of Gottingen, from 50 
patients with chronic renal fa ilure, 41 of whom required chronic dia lys is 
a nd 9 of whom were on chronic he rnotl lt ration. As opposed to PCT, 
none of these patient s showed typ ical blisters. However, they had other 
dermatologic problems; these included pruri tus (60 %), xerosis (60%), 
melanosis (40%), actinic elastos is (36%), and increased skin fragili ty 
(32%), the la tter three being a lso cha racteristics of PCT. All patients 
had normal live r fu nctions. Additionally, blood ar.d urine sa mples from 
5 chronic dialysis pat ients, who presented with the typical pictu re of 
P CT includinu concom itant blistering, were investigated. In a ll t hese 
patie'nr.s dialysis membranes and filters fo r hemofiltration had a cut-
ofT at 20,000 dalto ns. 
Urine sa mples cou ld be obta ined from only 23 patients. T hey pro-
duced urine only in amounts up to 10 mi. Determination of the 
porphyrins in urine was performed by ion-exchange chromatography 
as per DI N 11 2). P lasma and erythrocyte porphyrin levels were quan-
t ified by extraction with ethyl acetate/acetic ac id, followed by extrac-
tion into hydrochloric ac id as described by Piomelli [1 3]. 
Dialysate was obta ined 1 h afte r sta rting dia lys is. From the hemofil -
trate a portion was taken. Both f1uids were measured by f1uorometry 
in the same fas hion as plasma. High-pe rformance liquid chromatogra-
phy was used for separation of po rphy rin~ with 8 to 2 carboxylic groups 
in plasma, urine, d ia lysate, and hemoflitrate. T he porphyrins were 
adsorbed to ta lc and conve rted to the1r methyl esters by methanol/ 
sulfuric ac id. The separation was performed as has been desc ribed 
previously [ 14]. 
RESULTS 
Fig 1 shows t he leve ls of total po rphyrins in plasma of 50 
hemodia lys is patients in comparison with the total plasma 
porphyrins of .') 1 nonporphyric ambulato ry patients. The 
plasma porphyrin values in t he dialysis patients ranged from 
16-71 ~g/l ite r , compared with a range of 7-14 ~g/liter plasma 
in t he nonporphyric patients. The plasma porphyrin values of 
t he dialysis patients showed a non-gaussian distribut ion with 
an ari t hmetic mean of 27.4 ~g/ li te r plasma. In t he nonporphyric 
pat ients t he di stribution of the values was normal with an 
arithmetic mean of 10.6 ~g/ l1 te r plasma. All plasma porphyrin 
va lues in the dialysis group we re above t he highest values 
observed in t he nonporphyric patients. There was no ove rl ap-
ping between t hese groups. T he plasma porphyrin values of 50 
patients wi th P CT and normal renal function showed a non-
ga ussian distribut ion with an a rith1~et i c mean of 136 ~<g/li te r 
plasma and a range of 55- 385 J.Lg/hter. Only 4 values of t hi s 
group were lower t han t he la rgest values found in the dialysis 
group . 
Urinary porphyrins in 23 patients were less than 20 J.Lg/ lit er 
(normal: up to 150 J.Lg/ liter). Determination of total porphyrins 
in hemofil t rates of 9 patients wi thout blisters resulted in values 
from 10- 27 ~g/ li te r with an arit hmetic mean of 20 ~g/li ter. 
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Porphyrin values in dialysates of 41 patients wi t h chronic renal 
failure and without blisters ranged from 2.5- 6.3 !Lg/ li ter (mean, 
3.9 llg/ li ter). 
Table I shows a sample for a patient undergoing hemofiltra-
tion and hemodialysis. Separation of the urinary porphyrins 
yielded a pattern , nearly identical to that obtained in urine of 
PCT patients. In addition to smal l amou nts of coproporphyrin, 
t races of hexacarboxylic porphyrin , pentacarboxylic porphyrin , 
and protoporphyrin were found , as can be seen in Table I. 
Mainly uroporphyrin and heptacarboxyl ic porphyrin were ex-
creted. 
In the dialysate, the predominant porphyrin is copropor-
phyrin . The other porphyrins are found up to 20% of the tota l. 
The distribution pattern of the individua l porphyrins in urine 
and dialysate are di ssimilar. The separation pattern of the 
plasma porphyrins corresponds more close ly to the porphyrin 
pattern in the hemofiltrate. In a ll 50 patients we observed 
similar distr ibut ion patterns of porphyrins in plasma, dialysate 
or hemofiltrate, and urine. ln a ll dialyzed patients with chronic 
renal failure, plasma porphyrin levels before and after dialysis 
or hemofiltration were unchanged. Erythrocyte porphyrins a lso 
remained in the normal range. 
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TABLE f. Dat.n of porphyrins and th eir separat:ian pattern s in plasma 
(pl.) , hemafiltrat.e (hf.), diaf.y.~at.e (di.) and urine (u .. ) of a patient without 
blisters on chronic dialysis 
T ow I 
porphy rins 8· 7- 6- G- 4- :l- 2-COOH" 
(!,~/ lit e r ) (JL~/ Iit .e r) 
pl. :30 20.6 4.1 1.5 u 2.5 t race 
hf. 14 9.7 1.4 o.:z o.:l 2.4 
eli. 6 0.1 1 r. O.J !) .4 0.3 0.1 
u. 19 1:3.4 3.1 0.3 0.2 1.8 0.2 
" 8-COOH, uroporphyrin ; 7-COOH , heptaca rboxylic porph yrin; 6-
COOH , hexacarboxylic porphyrin ; 5-COOJ-1 , pentaca rboxyli c porphy-
rin ; 4-COO H, coproporphy rin ; :3 -COOH , tri carboxylic porphy rin ; 2-
COOH. protoporph yrin. 
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TABLE II. Porphy rins and their separation patterns in plasma (pl.), 
urine (u .. ) and hemofiltra te (h.[.} of 5 dialyzed patients with chronic 
renal failure and blisters 
Case Total 
porphyrins 
(Ji g/li te r) 
1 pl. 398 
2 pl. 1120 
3 pl. 943 
ll . 180 
4 pl. 1190 
u. 1067 
hf. 123 
5 pl. 2910 
hf. 567 
a J<ey: See T able I. 
1
' Trace. 
8-
209 
657 
547 
122 
646 
749 
78 
2101 
409 
7- 6- 5-
(Jig/ liter) 
111 34 23 
341 62 16 
280 57 22 
46 5 3 
369 86 68 
299 19 tr.IJ 
40 5 tr. 
588 122 52 
116 17 14 
4-COOW 
21 
44 
37 
4 
21 
tr. 
47 
11 
Table II shows the results of porphyrin analysis in plasma, 
urine, and hemofiltrate of 5 patients with chron ic renal failure 
on dialysis a nd typical clinical signs of severe PCT. Compared 
with the mean plasma porphyrin levels in dialyzed patients 
without blisters, t hese values are 15- to 100-fold increased. 
Urina ry total porphyrin values were also elevated in compari-
son with the values of the patients without blisters. The pattern 
of porphyrins in plasma, as well as in urine, is t he same as in 
patients with PCT and normal renal function. Three patients 
were not from t he nephrology section and therefore we could 
not obtain dialysate . In 2 patients hemofiltrates were obtained. 
Total porphyrin values exceeded t hose found in dialyzed pa-
tients without blisters by a factor 5- to 25-fold increased. The 
pattern ref1ects the plasma values very well. Separation of 
uroporphyrin isomers in the plasma of t hese 5 patients gave a 
ratio of uro 1/uro III of circa 60%/40%, respectively. 
DISCUSSION 
In 1975 Korting [6] reported 2 patients who developed blis-
ters, postbullous erosions, pruritus, and fragility of the skin of 
the dorsa of the hands and the fingers during hemodialysis. 
Similar observations were reported in 5 patients at t he same 
time by Gilchrest et a l [5]. Porphyrin levels in urine and plasma 
were normal or not detectable in the reported cases, with the 
exception of 1 case with elevated urinary porphyrins [6]. In 
addition to these findings, other authors reported on patients 
with chronic renal failure, blisters, and elevated plasma por-
phyrins [10,11]. 
We have observed simi lar results, and particularly in all 5 
cases of renal failure on dialysis with high plasma porphyrins. 
We saw a preponderance of uroporphyrin and heptacarboxylic 
porphyrin in the plasma, as described for a usual PCT. These 
patients showed much higher plasma porphyrin levels, as seen 
in our PCT patients without renal disease. In order to differ-
ent iate between PCT and hyperporphyria in chronic renal 
failure we investigated 50 patients with chronic renal failure 
on dialysis but without blistering. The objective was to obtain 
values for porphyrins in plasma, dialysate, and hemotiltrate. 
Additionally the distribution of the individual porphyrins was 
checked. In all patients much higher plasma porphyrins than 
in normal individuals were found . These values are in accord-
ance with the observations of Fob-Fitzpatrick eta] [15], Day 
and Eales [16], and Topi et a l [17]. Dialysate and hemofiltrate 
contained considerable amounts of porphyrins. Separation of 
the porphyrins in plasma and hemotiltrate resulted in a pattern 
with predominantly uroporphyrin and heptacarboxylic porphy-
rin. Porphyrins with 6 to 2 carboxylic groups were also found . 
In contrast to these findings, the 5 patients with blisters and 
chron ic hemodialysis presented with extremely elevated plasma 
porphyrins; t he porphyrin content of hemofi ltrate was up to 10 
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t imes higher t han t hat of dialysis pat ients without blisters. 
Similar resul ts were reported by several authors [8, 10,17] . In 
con t rast to the forego ing and to our findings, Day and Eales 
[16] were unab le to detect porphyrins in dialysate a lt hough 
they were able to detect as litt le as 2 ng porphyrins. These 
diffe rences cannot be exp lained by the use of membranes wit h 
d ifferent cut-offs because Topi et al [18 ] determined that t he 
use of diffe rent membranes a nd techniques had no effect on 
t he plasma porphyrin va lues. The prevalence of cop roporphyrin 
in dialysate fluid , in cont rast to hemofil t rate with mainly 
uropo rphyrin , may be a ttributed to t he different molecular 
weights of cop roporphyrin and uroporphyrin. Coproporphyrin 
may move faste r than uroporphyrin owing to its lower molec-
ular weight. Therefore more cop roporphyrin may be removed 
by dialysi s. In hemofiltration t here is no need of an equilibrium 
between t he inner and t he oute r wa ll of t he membrane. As 
uroporphyrin is the preponderant porphyrin in t he plasma of 
these patients, small amounts of this compound , which are not 
bound to proteins, can be removed. The amoun t of porphyrins 
bou nd to proteins is expected to be between 78 '1!: [ 10] and 95% 
[19 ]. 
The plasma uroporphyrin of t he patients with PCT and 
dialysis showed about 60% of t he I and 40% of t he II1 isomer. 
This corresponds to obse rvations made in PCT patients wit h 
no rmal renal function. Simila r findin gs were reported by Doss 
and Schermuly [20] in the urine of patients with PCT. The 
relation of the I and III isomers in t he plasma addi t ionally 
confirms the diagnosis of PCT in these hemod ia lyzed or he-
mofi lt rated patients with bli ters. 
In our opinion, patients wi th chronic rena l failure on dialysis 
can be divided in to three groups. Group 1 consists of patients 
without blisters, but with mildly elevated plasma porphyrin s. 
Porphyrins in t he plasma a re mai nly uropo rphyrin and hepta-
carboxylic porphyrin. Group 2 includes patients with blisters 
and plasma porphyrin values s imila r to t hose of group 1. Group 
3 consists of patients with bli sters and strongly elevated plasma 
porphyrin s. These last patients really have, in addition to the ir 
renal fa ilure with chronic di alysis, PCT. Measuring total 
plasma porphyrins and porphyrins in dialysate or hemofil t rate 
wi ll make possible the differentiat ion between hype rporphyri a 
and PCT. The plasma porphyrin values in patients with chronic 
renal failure on hemod ia lysis with blisters a re extremely ele-
vated compared with values of hemodialys is patients withou t 
blisters. The patients in group 1 did not show blisters, but t hey 
usually had other de rmato logic problems typica l of chronic 
dia lysis [21 ]. These include acti nic elastosis, melanosis, and 
inc reased skin fragility. which are a lso characte ristics of PCT. 
The chronic mild elevat ion of porphyrins may explain some of 
the features of t hese dermatologic problems. It is unclear as to 
whether cutaneous manifestations of PCT and chron ic dialysis 
have some com mon pathophysiologic basis. The inducing mech-
anism for hyperporphyria in these patients is uncertain . This 
s hou ld be t he subject of fur ther investigations. 
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